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Noncapturing Stimuli During the Basic Drive Shorten Ventricular 
Refractoiriness 
Jonathan J. Langberg, MD, Hugh Calkins, MD, Jo20 Sousa, MD, Rafel El-Atassi, MD, 
and Fred Morady, Mi 
S 
tudies of ventricular programmed stimulation in 
animals’ and a recent study in humans2 showed 
that increasing the stimulation intensity of the 
basic drive train (Sl ) shortened the effective refractory 
period (ERP). This effect was independent of the intensi- 
ty of the extrastimulus (S2). The mechanism of this 
shortening of refractoriness by high-current intensity is 
unknown. The effect disappears when the sites of pacing 
and extrastimulation are separated by >2 cm,’ suggest- 
ing that high-current stimulation shortens refractoriness 
through changes in the sequence of local activation. Lo- 
cal sympathetic activation may also play a role, because 
autonomic blockade significantly attenuates the shorten- 
ing in refractoriness that occurs with an increase in the 
strength of the current of the basic drive train.2 This 
study better defines the mechanism by which intense 
stimulation shortens refractoriness. High-current intensi- 
ty stimuli were applied during the absolute refractory 
period of the basic drive train during measurement of 
ERP. This allowed evaluation of the effect of stimulation 
intensity on ventricular refractoriness independent of 
changes in local activation sequence. 
This study was performed during the course of a 
clinically indicated electrophysiologic test in 20 pa- 
tients. Inclusion criteria were as follows: (1) absence 
of known structural heart disease,. (2) discontinuation 
of antiarrhythmic drugs L5 half-lives before the test; 
(3) absence of inducible, sustained ventricular tachy- 
cardia/$brillation; (4) absence of ventricular ectopy 
during overdrive pacing; and (5) stable ventricular 
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capture threshold 5 1 mA. The study included 10 men 
and 10 women (mean age 38 years, range 15 to 77). 
Documented supraventricular tachycardia was the in- 
dication for study in 18 patients. One patient was 
being tested because of unexplained syncope, and an- 
other had been resuscitated from an episode of ven- 
tricular Jibrillation. 
Electrophysiologic testing was performed in the 
fasting, unsedated state after informed, written con- 
sent had been obtained. The study protocol was ap- 
proved by the Human Research Committee. Two or 
three 4Fr quadripolar electrode catheters (Bard Elec- 
trophysiology) were inserted into a femoral vein and 
positioned in the heart as clinically indicated. Surface 
and intracardiac electrograms were recorded on a Sie- 
mens-Elema Mingograf 7 recorder. 
The experimental protocol was performed at the 
conclusion of the clinical test. A 6Fr quadripolar elec- 
trode catheter with 1 cm interelectrode spacing was 
positioned in the apex of the right ventricle. Bipolar 
pacing, with the distal electrode serving as the cathode 
and the adjacent ring electrode (pole 2) as the anode, 
was used throughout. The output of a stimulator 
(Bloom Associates, Narberth, Pennsylvania) trig- 
gered 2 stimulus isolation units (Bloom Associates) 
that delivered 2 ms square wave pulses with output 
currents continuously variable from 0 to 10 mA. To 
deliver conditioning stimuli of varying intensity while 
maintaining the intensity of Sl constant, these 2 stim- 
ulus isolation units were connected parallel to the 
distal poles of the right ventricular electrode catheter 
(Figure 1). Testing under load with a pacing systems 
analyzer showed no change in pulse width or ampli- 
tude from either unit as a result of coupling the out- 
puts together. 
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Programmed stimulation was performed with a 10 
beat basic drive train at a cycle length of 500 or 600 
ms. The intensity of the currents of Sl and S2 were 
maintained at twice late diastolic threshold (mean 0.5 
f 0.1 mA), and a 2 second intertrain interval was used 
throughout the study. To eliminate confounding ef- 
fects due to variation in mean cycle length, refractori- 
ness was assessed by introducing S2 at a coupling 
interval less than ERP and by incrementing the S2 
coupling interval in steps of 2 ms until capture.3 To 
ensure steady state conditions, programmed stimula- 
tion was performed for 1 minute before each ERP 
measurement. ERP was defined as the longest Sl -S2 
interval that was consistently unsuccessful in evoking 
a ventricular depolarization. 
After ERP was measured at baseline, the same 
programmed stimulation protocol was repeated with 
5 mA conditioning stimuli introduced 100 ms after 
each of the first 9 Sls of the basic drive (Figure I ). To 
prevent direct electrotonic interaction between the 
conditioning stimulus and S2, the tenth andfinal beat 
of the basic drive train had no conditioning stimulus.4 
ERP was next measured during application of 10 mA 
FIGURE 1. Apparatus and pacing proto- 
col. To introduce conditioning stimuli of 
varying intensities while maintaining Sl 
constant at twice threshold, 2 stimulus 
isolation units were connected in parallel 
to the distal poies of an electrode catheter 
in the right ventricular apex. Conditioning 
stimuli were applied 100 ms after all but 
the last beat of the basic drive train. 
S, = conditioning stimulus; Sl = basic 
drive train; S2 = extrastimulus. 
FIGURE 2. Effects of high-current 
strength conditioning stimuli on ventricular 
effective refractory period (VERP) before 
and after autonomic blochade. Results are 
expressed as percentage of basefine 
VERP. *p <0.0!5 vs baseline; **p <O.OS 
vs VERP measured with 5 mA condition- 
ing stimuli. 
STIMULATOR 1 
conditioning stimuli. Finally, ERP determination was 
repeated without conditioning stimuli to assess the 
stability of refractoriness over time. 
Patients 11 through 20 had this protocol per- 
formed before and 10 minutes after pharmacologic 
autonomic blockade. Atropine and propranolol were 
administered intravenously in doses of 0.04 and 0.2 
mg/kg, respectively. These doses have been shown to 
block the chronotropic effects of isoproterenoL5 In- 
trinsic heart rate was measured at the beginning and 
end of this phase of the study to assess the stability of 
the autonomic blockade. 
Results are expressed as mean f standard devi- 
ation. Comparison of ventricular ERPs with and 
without conditioning stimuli was performed using 
analysis of variance for repeated measures. Compari- 
son of intrinsic heart rates at the beginning and end of 
the pacing protocol during autonomic blockade was 
performed using Student’s t test for paired variables. 
A p value X0.05 was considered significant. 
ERP decreased from 241 f 12 at baseline to 236 f 
I3 ms after the addition of 5 mA conditioning stimuli 
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ERP was significantly less (224 f 13 ms) when the 
measurement was performed with 10 mA conditioning 
stimuli (p <0.05). Ajnal ERP measurement without 
conditioning stimuli was not significantly different 
from baseline (239 f 12 ms). 
Patients I1 through 20 received a mean of 2.7 f 
0.6 mg of atropine and 14 f 3 mg of propranolol. 
Ten minutes later, at the beginning of the ERP mea- 
surements, mean intrinsic heart rate was 99.3 f IO 
beats/mm. At the end of the pacing protocol, mean 
heart rate was 99.8 IIZ 17 beatslmin (p = not signifi- 
cant). Baseline ERP during autonomic blockade was 
231 f 18 ms. There was no significant change in ERP 
with the addition of 5 or 10 mA conditioning stimuli 
(231 f I7 and 231 f 16 ms, respectively). The repeat 
baseline measurement of ERP without conditioning 
stimuli was 230 f 17 (p = not significant versus base- 
line; Figure 2). 
The results of this study demonstrate that high-cur- 
rent intensity stimuli that do not result in ventricular 
capture can nevertheless shorten ventricular refractori- 
ness. Measurements of ERR were made before and dur- 
ing the addition of conditioning stimuli applied 100 ms 
after S 1. At an intensity of 5 mA, these stimuli shortened 
ERR by a mean of 9.8 f 5.1 ms. ERR decreased by a 
mean of 17.1 f 7.5 ms at a conditioning stimulus intensi- 
ty of 10 mA. This shortening effect of high-current stim- 
uli on ventricular refractoriness was completely abolished 
by autonomic blockade with a&opine and propranolol. 
In a study of epicardial pacing in dogs, Avitall et al1 
noted a mean decrease in ERR of 23 ms when S 1 intensi- 
ty was increased from 1 to 10 times threshold. Similarly, 
a recent clinical study showed that an increase in the 
intensity of the drive train stimulus from 1 to 10 mA 
produced a 22 ms decrease in mean ventricular ERP.2 
The mechanism by which high-current strength stim- 
ulation shortens local refractoriness has not been defined. 
When the strength of the pacing current is increased, a 
progressively larger volume surrounding the electrode is 
depolarized simultaneously.6 The resultant synchroniza- 
tion of local activation and repolarization would tend to 
shorten action potential duration and the ERP.7 
The results of this study suggest that changes in acti- 
vation sequence do not mediate shortening of ERR. The 
conditioning stimuli were delivered 100 ms after S 1, long 
after the completion of local excitation and during the 
absolute refractory period. Conditioning stimuli had no 
effect on the morphology of the local electrogram or the 
surface QRS. Therefore, it seems unlikely that the de- 
crease in ERR produced by these stimuli was related to 
any effects on local activation. 
Studies of isolated myocardial preparations in vitro 
have demonstrated the release of substantial quantities of 
autonomic neuromediators with electrical stimulation.s,9 
In a study of ventricular fibrillation threshold in dogs, 
high-frequency pacing produced effects that appeared to 
be mediated by local release of norepinephrine.lO The 
magnitude of autonomic effects was proportional to the 
intensity of stimulation. 
The shortening of ERR by conditioning stimuli was 
completely reversed by autonomic blockade, which is 
consistent with the hypothesis that intense stimulation 
activates sympathetic nerve terminals and causes local 
release of norepinephrine. An electrical effect on auto- 
nomic fibers would be independent of the cardiac cycle 
and could account for the electrophysiologic effects of 
stimuli applied during the absolute refractory period. 
This study shows that the strength of the current of 
stimulation has a significant effect on ventricular refrac- 
toriness independent of the strength-interval relationship. 
Therefore, changes in the intensity of programmed stim- 
ulation may result in variability in measured ERR due to 
fluctuation in local catecholamine release. This suggests 
that use of a constant stimulus intensity may be prefera- 
ble to the arbitrary choice of twice diastolic threshold and 
may enhance reproducibility. Increasing the intensity of 
the current during programmed stimulation has been 
shown to promote the induction of nonclinical arrhyth- 
mias. l 1,12 The results of this study suggest that the local 
release of catecholamines may contribute to this phe- 
nomenon. 
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